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ABSTRACT
Costs and benefits for four major TU Program activ­ 
ities were analyzed "by a series of research proj­ 
ects conducted during 1976 and 1977- This paper 
presents a summary of the results. The study data 
include the largest known random sample of costs 
and benefits due to technology transfer activities. 
Statistical results include benefit-to-cost ratios, 
correlations of user benefits with both program 
costs and user costs, and an internal rate of re­ 
turn distribution for investments in technical 
information. The predictability of benefits will 
also be discussed.
INTRODUCTION
The NASA Technology Utilization (TU) Program was 
initiated in 19^3 to carry out the new technology 
reporting and dissemination requirements of the 
1958 Space Act. Operational program elements for 
technology transfer include publications, Indus­ 
trial Applications Centers (lACs), the Computer 
Software Management and Information Center 
(COSMIC), Application Teams, application engineer­ 
ing projects, and other activities such as TU con­ 
ferences , special publications and technical inter­ 
pretation assistance for potential users of NASA 
technology. These major program elements are 
directed toward two distinct audiences: the pri­ 
vate sector (TU Information Systems), and the 
public sector (TU Applications Engineering Sys­ 
tems) .
Congress first introduced the idea of conducting a 
cost-benefit study for the Technology Utilization 
Program in its FY 1977 NASA budget hearings and 
later specified this study as a firm requirement 
in its FY 1978 House Authorization Report.
A second objective for the study, added by NASA TU 
Program management, was to develop a standardized 
evaluation method which could be used to measure 
the performance of all TU Program elements. A 
repeatable, uniform performance measure for the 
diverse program elements was required to provide 
a basis for quantitative comparison and program 
optimization.
The first step in satisfying the two objectives 
was initiated in mid-197^ when the NASA Technology
Utilization Office funded two independent prelimi­ 
nary investigations to develop and compare two 
alternative cost-benefit analysis methods for the 
TU Program elements. It was determined that the 
two alternative methods, applied by the Denver 
Research Institute (DRl)' 1 ' and Mathematica, Inc.' 2 ' 
were compatible and provided a uniform basis for 
cost-benefit analysis across the broad and diverse 
range of TU Program activities.
The second step, conducted in 1977 9 consisted of 
more extensive random sampling for cost-benefit 
data—larger samples for more program elements. 
By the end of 1977, over 700 in-depth interviews 
had been completed and the analytic results from 
both 1976 and 1977 were summarized in a report. . 
Further sampling and analyses are continuing in 
1978 to explore and develop this new context for 
understanding technology transfer.
METHODS
Cost-benefit studies rely on two types of esti­ 
mation methods—one for program costs and the 
other for program benefits. Cost estimates are 
usually based on the opportunity cost for program 
expenditures. In traditional economic practice, 
the standard method for estimating opportunity 
costs is to calculate the present value that pro­ 
gram expenditures would have if they had been in­ 
vested in the best available alternative to the 
program. The Office of Management and Budget (0MB) 
recommends the use of a 10% rate of return for the 
best alternative investment. Costs for the TU 
Program were estimated according to this method. 
They include both program personnel costs (i.e., 
civil service wages including the OMB-recommended 
30% overhead rate) and authorized TU Program R&D 
funds. All analytic results in this study use 
1976 as the base year for present value.
The two basic methods for estimating program bene­ 
fits were:
1. Consumer Surplus Model - Benefits were 
estimated based on demand analysis of 
individuals' "willingness-to-pay" for 
Program outputs they receive rather 
than forego these outputs.
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2. Financial Investment Model - Benefits
were estimated from statistical analyses 
of random sample data indicating how much 
individuals were "willing-to-invest" in 
using Program outputs and the extent 
of gross "benefits realized or expected 
from their investment.
The first of these study methods, the consumer 
surplus model, was judged to "be readily applica­ 
ble to those Program elements, such as applica­ 
tions engineering projects, that produce tangible 
output products or processes. In this situation, 
the user perceives a definite, predetermined 
level of utility and thus can affix an appropri­ 
ate 'value to the product or process—or, rather, 
a price which he is "willing-to-pay" for its use.
Technical information on the other hand, cannot 
be immediately assessed in terms of its utility 
or economic value to the potential user. In this 
situation, the information recipient must invest 
time, an economic cost, to assimilate the infor­ 
mation before its relevance and potential appli­ 
cation can be determined. Therefore, the poten­ 
tial user of technical information operates in a 
speculative mode by risking an economic resource 
(time, in this case) to determine the value or 
applicability of the information to his technical 
needs. Speculative financial investment is 
therefore an appropriate model for estimating pri­ 
vate sector benefits from technical information 
provided through TU Program Information Systems. 
It should be noted that the investment model does 
not measure indirect, or social, benefits which 
may be realized outside the organization that 
applies the technology.
Table I summarizes comparative characteristics of 
these benefit models as applied to the two basic 
TU Program types. Due to data collection factors 
such as reliability and cost, only the TU Program 
activities from 1971 through 1976 were analyzed. 
A few of the. benefit streams, started by trans­ 
actions during this time period, extend into the 
future, however, and the expected future net bene­ 
fits were included in the analysis.
TU INFORMATION SYSTEMS
The NASA Technology Utilization Information Sys­ 
tems include most of the known mechanisms for 
transferring technical information produced by 
aerospace R&D to potential users, primarily in 
the private industrial community. The major 
information-based program activities and their 
related products are:
• Publications - NASA Tech Briefs, TU 
Compilations, and, in cooperation with 
the Small Business Administration, the 
SBA flyers; Technical Support Packages 
(TSP's) are sent to individuals who 
request further documentation after 
reading one of these announcement 
mechanisms;
• Industrial Applications Centers (lAC's) -
University-based services that prepare 
computerized searches of the NASA scien­ 
tific and technical information base, 
together with other information bases, in 
response to requests from industrial 
clients; and
• Computer Software Management and Informa­ 
tion Center (COSMIC) - A university-based 
dissemination center which specializes in 
making computer software and documentation 
available to industrial clients.
The two basic methods for measuring benefits, con­ 
sumer surplus and financial investment, were com­ 
pared in the two preliminary studies funded by 
NASA in 1976. The first method, consumer surplus, 
was applied by Mathematica, Inc. to the Tech Brief 
Program, COSMIC and public sector application 
engineering projects. The second method, finan­ 
cial investment, was applied by the Denver Research 
Institute to the statistical aggregate for a 
random sample of TSP requests from the Tech Brief 
Program, This was apparently the first direct 
comparison in which both methods were applied to 
a single program (Tech Briefs) over a fixed time 
period (1971 through 1976).
The 1976 study results clearly indicate that tech­ 
nical information products represent investment 
opportunities to private entrepreneurs and indi­ 
viduals employed by firms. In other words, an 
individual must invest time (i.e., an economic 
cost to the employer or entrepreneur) in assimi­ 
lating the information before its relevance, and 
possible application, can be determined. One 
example from the sample data illustrates the 
risk involved. A producer of educational devices 
invested about $10,000 to develop new product 
prototypes based on the design described in a 
NASA Technical Support Package. About $1,200 in 
prototype development costs were saved but the 
net benefit was a loss of $8,800 after the company 
concluded that the market was insufficient, and 
therefore production plans were cancelled.
As illustrated by the example above, there is an 
inherent risk associated with the information 
transfer process which is borne by the employer 
in order to obtain potential economic benefits, 
(i.e., net economic profit) by applying the new 
technology described in the information product 
received. Speculative financial investment is 
therefore an appropriate model for private sec­ 
tor benefits from technical information. Similar 
benefit models are used to analyze investments in 
private R&D projects, the stock market and natural 
resources exploration. For these investment 
models, as the proportion of investment failures 
increases for the speculator (i.e., increased 
risk), the rate of return (i.e., net economic 
benefits) from each successful investment must also 
increase. Otherwise the speculator's total wealth 
will decrease over time.
The preliminary study of the Tech Brief Program 
by Denver Research Institute was based on a ran­ 
dom sample of user costs and benefits from 90 
TSP requesters. The random sampling procedures
5-19
and data collection methods, described in the 
published report for that study, were applied in 
1977 to a much larger data collection effort, 
Over 600 random sample interviews were conducted 
in 1977 by ten individuals in five participating • 
organizations. This effort was coordinated by 
the Denver Research Institute to assure a 'homoge­ 
neous interpretation and reliability for the 
entire data set from over 700 interviews* This 
represents the largest known random sample of 
interviews for detailed cost and "benefit data 
from technical information recipients. Table II 
shows the TU Information System, products sampled, 
the number of transactions for each product type 
and the sample size.
Although the sample sizes are small in comparison 
to the population sizes, they were calculated 
from a standard population proportion formula to 
achieve 90 'to 95% confidence levels. In addition, 
the two statistical results for sample data were 
in the form of lower bound estimates at the 95% 
confidence level. The standard procedures used 
in calculating these lower bounds incorporate 
population and sample sizes, as well as the mean 
and variance in the sample data. It should be 
noted that at least one case in three of the TSP 
samples and two of the RSS samples had net bene­ 
fits of $100,000 or more, and a case of this mag­ 
nitude was obtained by six different interviewers.
The three primary data points for all interviews 
were: (a) the estimated costs and gross benefits, 
distributed over time, that the user attributed 
directly to receiving a specific information 
package (i.e., costs and benefits that would not 
have occurred, in the interviewee's opinion, 
without the information package); (b) the type of 
application achieved or expected for the technical 
information received; and (c) the estimated chance 
of success for expected applications. Applications 
were classified in four types, or modes:
Mode 0 - No application was or will be
attempted and the user's investment 
was negligible;
Mode 1 - Technical information was acquired 
with more efficiency or less time 
(i.e., less user costs) from the 
TU Information System than from 
alternative sources for the same 
information;
Mode 2 - Economic benefits were realized, 
or are expected, from the user 
investing to apply the information 
content in improving a product, 
process or service; and
Mode 3 - Economic benefits were realized, or 
are expected, from the user invest­ 
ing to apply the information content 
in developing a new product, process 
or service.
Typical of users in Mode 1 was the recipient who 
spent four hours reviewing the information pro­
vided by NASA rather than the one week he estimated 
it would take to find the information elsewhere. 
A typical Mode 2 response was from one recipient 
who spent a week assimilating the information and 
applied it to reduce the weekly cost of performing 
a production line process by two hours. A typical 
Mode 3 response was from a Chief Engineer who spent 
two weeks applying the information in the develop­ 
ment of a new process which would reduce future 
production costs by $50,000 annually. In this 
latter case, the NASA information was estimated 
to provide 5% input in the new process develop­ 
ment, so the annual gross benefit attributable to 
the NASA technology was $2,500. Neither of the 
respondents in Mode 2 or 3 believed that the same 
information could have been obtained elsewhere.
A few interviewees in each sample reported that 
they expected their annual benefits to continue 
into the future. In addition to asking when this 
benefit stream might terminate, two analytic 
methods were used to estimate different termina­ 
tion dates. In each method, the utility of tech­ 
nology described in a document was assumed to 
decline at some annual rate. The conservative 
approach used a fixed 10% rate of decline 
and the second approach used various rates de­ 
pending on the rates of technological change in 
industrial sectors related to the application. 
The termination dates estimated by interviewees 
were closer to the dates estimated by the second 
analytic method. The two analytic methods for , 
terminating future benefit streams produced two 
different benefit estimates for a few Mode 2 and 
3 cases and, therefore, two estimates for total 
benefits from the TU Program.
All costs and gross benefit estimates were con­ 
verted to 1976 dollars and discounted at 10% to 
their present value in 1976. The net benefit was 
obtained for each case by subtracting user costs 
from user gross benefits in each instance where 
both figures were quantified in the interview 
data. User benefits and costs were quantified 
in over 70% of the interviews as a result of an 
extensive effort to develop refined interviewing 
techniques. Through these efforts, the more 
normal 1*0-50$ rate of quantification was improved 
upon significantly. Statistical analysis was used 
to estimate the lower bound expected values for 
two types of distributions in the data: (a) the 
probability of achieving each application mode 
from an information transaction and (b) the 
expected net benefit from an application in each 
application mode.
Standard statistical formulas were then used to 
estimate Lognormal parameters, lower bounds (95% 
confidence) and expected values for the net bene­ 
fits in each modal group for each product type. 
A lower bound for the expected net benefits per 
transaction was then calculated for each product 
type by multiplying the modal probabilities times 
the expected net benefit for each application mode. 
Since this calculation involves the product of two 
lower bound estimates at the 95% confidence level, 
the resultant confidence level for the product is 
times 95%). This analytical procedure
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was applied twice, once for the "benefit estimates 
from each method for terminating benefit streams, 
which produced a range in expected lower bound 
net benefits per information transaction.
Total benefits for the three major TU Information 
Systems activities—TSP requests, retrospective 
searches and computer programs—were calculated "by 
multiplying the total number of transactions for 
each information product times the expected lower 
bound estimate for net benefits per transaction. 
These results are presented in Table III with 
the program costs and benefit-to-cost ratios. The 
ratios range from at least 2.5:1 to at least 
26:1'with an aggregate ratio of at least 7-5:1-
The IAC Program has the lowest ratio but this is 
pro"ba~bly due to the fact that, although all of the 
program costs were included, benefits from several 
IAC Program activities were not estimated. IAC 
activities excluded due to time constraints on 
data collection were current awareness searches 
and special projects as well as TUSC, a special­ 
ized IAC in Oklahoma. Even with these limitations, 
the IAC Program lower bound estimate indicates a 
favorable benef it-to-cost ratio. It should "be 
noted that the expected net benefit for IAC 
searches is significantly higher than that for 
TSP requests.
The ratios in Table III are for the net economic 
benefits compared to program costs and therefore 
represent TU Program evaluation ratios. However, 
when the net economic benefits are compared to 
total costs (i.e., program costs plus user costs), 
the resulting ratios represent an evaluation of 
societal gains due to the Program. Data on user 
costs are available only for IAC searches and pub­ 
lications . The societal ratio is at least 1.7 to 
1 for IAC searches and at least 1.6 to 1 for pub­ 
lications , indicating a satisfactory total return 
to society from these two information systems.
It should be noted that the net benefit values 
reported here are largely due to applying the 
content of technical information developed with 
NASA R&D funds. NASA program costs, however, 
are only those costs associated with the evalua­ 
tion, preparation, and dissemination of TU infor­ 
mation products to make NASA technology available 
to potential secondary users. Therefore, only 
the costs to facilitate secondary applications— 
technology transfer function costs—appear in the 
denominator of the benefit-to-cost ratios.
A major question for any technical information 
service concerns how much potential value to the 
user is added by the production costs for the 
service. Another, closely related question con­ 
cerns how much the user invests in information 
packages in comparison to the benefits obtained. 
Figure I reveals a striking correlation in the ran­ 
dom sample data between the expected net benefit 
per transaction and each type of cost (i.e., NASA 
production cost (x) and user cost (z)). The data 
points in each figure represent the aggregate, or 
expected, nets and costs for each product type 
rather than individual user estimates which have
considerable variation.
TU APPLICATION ENGINEERING SYSTEMS
The NASA Technology Utilization Application Engi­ 
neering Systems include application engineering 
projects as well as Application Teams with speci­ 
fic social problem areas such as medicine or 
transportation. For this study, only the appli­ 
cation projects, which represent the major portion 
of program costs for this TU system, were analyzed 
to estimate benefits. All program costs, however, 
were included in the cost-benefit results.
During the 1971 to 1976 time period, 135 projects 
were initiated. Most of these projects were 
cooperative efforts "between NASA and at least one 
other governmental organization or public insti­ 
tution. Therefore, the social benefits from each 
project must be allocated to each funding source 
in order to determine those benefits attributable 
to the TU Program.
As part of the 1976 preliminary cost-benefit study 
by Math Tech, a division of Mathematica, Inc., 
eight application engineering projects were 
selected for detailed analyses of consumer surplus 
benefits on a project by project basis. The con­ 
sumer surplus was estimated for each of the eight 
projects by first assuring they were or would be, 
successfully implemented as either a commercially 
available consumer good or as an institutionalized 
process depending on which of these goals the proj­ 
ect has as its intended purpose. An improved 
firefighter f s breathing system is an example of 
the former, and a new means for monitoring air 
quality by EPA is typical of the latter.
Benefits are estimated with the consumer surplus 
method by how much individuals' are "willing-to- 
pay" rather than forego the use of goods or ser­ 
vices. Figure II shows the basic concept. The 
benefit to society, or consumer surplus, is the 
total amount that all beneficiaries would be 
willing to pay minus what they actually pay (Po ) 
for the goods or services. The shaded area in the 
figure represents the total benefits.
The application of this simple model to each appli­ 
cation project, however, required modifications of 
this basic concept for the following reasons: 
(l) very little data on prices or quantities was 
available to create the necessary demand curve 
(the sloping line in Figure II), and (2) the 
total consumer surplus generated by every project 
could not be attributed entirely to the TU Program 
since other funding sources were involved. Mathe­ 
matica, therefore, developed two extensions of 
the basic model—one that used cost savings .to 
the consumer as a slightly conservative estimate 
for the actual consumer surplus, and one that 
estimated the proportion of benefits attributable 
to TU Program costs.
The key steps in the analysis of cost savings for 
each project were: (l) the comparison of consumer 
costs for the best existing consumer option (i.e.,
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fer factors could lead to the application of sys­ 
tems analysis techniques for improving the process 
and its resultant economic benefits. The results 
of this study indicated that this goal might now 
be achievable since the transfer process is 
apparently more rational and predictable than was 
previously believed.
The NASA Technology Utilization Program can be 
characterized as a public investment which creates 
net economic growth by facilitating the secondary 
application of existing technology. The strong cor­ 
relation, shown in Figure I, between net benefits 
and production cost (i.e., NASA investment of pub­ 
lic funds) is an extremely important factor in 
understanding how TU adds value to technical in­ 
formation through various packaging processes 
even though the resultant information products may 
be dissimilar. As these data are analyzed in 
greater detail and further random sample data are 
collected, it is expected that the ability to pre~ 
diet and manage program costs and benefits may 
increase substantially.
Effective technology transfer, however, requires 
that potential users of technology must also in­ 
vest in the process in order to realize the po­ 
tential benefits that may result from its use, 
Again, it is clearly shown in Figure I that user 
costs (i.e., private investment) have a strong 
correlation with expected net benefits.
Another significant observation from the study 
results is the important role played by the variety 
of transfer mechanisms available through the NASA 
Technology Utilization Program. The board and 
diverse array of program elements, each with 
their own level of added value, provide users 
with a range of information product alternatives 
and investment levels from which to choose.
In summary, the cost-benefit study results re­ 
ported here, when combined with the results 
from a current ongoing study of technology 
classification methods, are expected to provide 
a quantitative basis for better predictions of 
the transfer process. This would provide TU Pro­ 
gram management with better answers to questions 
such as what technologies are the most useful 
to different economic sectors, which transfer 
mechanisms are the most cost-effective in differ­ 
ent situations, and how much economic benefit can 
be expected from different transfer activities. 
This kind of management information could then 
be used to increase the TU Program benefit-to- 
cost ratio above its current high level of 6:1.
contributions by analyzing NASA Program costs and
by detailed reviews of the study methodology,
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Study Element
TABLE I. BENEFITS ESTIMATION METHODS
program Type 
Information Systems________Adaptive Engineering
Program Activity • .Publications
(e.g., Tech Brief)
Application Teams
• Industrial Application * Application Engi- 
Centers neering Projects
• COSMIC
Primary Objective 
Beneficiary
Type of Benefit
Private Sector
Industrial Firms
Direct
Public Sector
Consumers
Indirect
Benefits Measured Net Profit Societal Improvement
Benefit Model Financial Investment 
(Willingness-to-invest)
Consumer Surplus
(Willingnes s-to-pay)
Data Sources Random Sampling of 
Direct Users
Expert Opinion & 
Secondary Sources
.Method of Analysis Statistical Aggregate Demand Analysis
TABLE II
DATA SAMPLES FOR INFORMATION SYSTEM PRODUCTS
Type of 
Information Product
T
R<
SF Request '^-*
* Tech Brief
• Tech Brief Journal
* TU Compilation
• SBA Publication
Subtotal
:":< I ;':.>,;;:>•, <",J v .:•..< - :v-:. ( , AC) ^ 2 '
€ Level 1 (Reviewed Only)
* Level 2 (Interactive)
* Level 3 (Edited)
Subtotal
Computer Program !^ ^ ' 
( COSMIC I
Number of
Transactions 
1971 - 1976
56,900
12,250
13^,100
311,000
7,000
850
_.._T^7gO
15,550
1,200
Sample 
Size
180
90
90
_|2
103
90
58
ill
37
" '""If f :::: '
(1) Samples were drawn from transactions that occurred in 1971, 1972* 1973 -. 
d 1976,
(8) Sawples were drawn from transactions that occurred in 1976*
(3) COSMIC interviews were not part of the formal random sample but the 
data satisfy the general criteria .for randoraness,
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TABLE III. COSTS AND BENEFITS DUE TO NASA INFORMATION SYSTEMS: 1971-1976
Program
NASA
Program Cost Number of 
($M) Transactions
Expected Net
Benefit Per
Transaction*
($)
Total Net
Benefit*
($M)
Benefit-to^ 
Cost Ratio*
Publication Program
• SBA Flyer 
• TU Compilation 
• Tech Brief 
• Tech Brief Journal
Industrial Application 
Centers
• Level 1 (Reviewed only) 
• Level 2 (Interactive) 
• Level 3 (Edited)
COSMIC**
• Documents 
• Computer Programs 
(other than NASTRAN) 
• NASTRAN Program
$ 10.9
17-0
1.7
$ 29-6.
107,750 
13li,100 
56,900 
12,250
7,000 
850 
7,700
21,000 
1,070
130
$ 110 
600-680 
560-6^0 
850-960
1,230-1,390 
1,380-1,880 
U,U80-5,320
hQO 
2, UOO
250,000
$135.6-151.8
UU.U-52.2
1*3.5
$223. 5-2 Vf. 5
12:l-lU:l
2.5=1-3:1
26:1
Aggregate Ratio= 
7.5:1-8.^:1
* Estimates are given as lower bound values
** Conservative estimate based on available non-random data. 
NOTE: All economic values are in 1976 dollars, discounted at 10 percent to 1976 present value.
Mansfield 
Wagner 
Results
TABLE IV. PROBABLE SUCCESS FOR 135 PROJECTS (1971-1976)
PROJECT DEVELOPMENT STAGES
CHANCE OF SUCCESS 
IN STAGE
\
1
.57
0$ 30$ 50$ 80$ 100$ Total ($)
Technical Feasibility
2 Prototype
\
.5 '
3
f
Development
In-House Tests
.65 .5^
\ 1 • TU
k
1
User Field Tests
V
5
/.5 t
Routine Use
6 Economic Success
Conservative:
M-W Results:
15*
3
0
0
c
0
0
2
I
6
1
1
0
0
1
3
11
10
h
3
5
2
2
5
8
9
5
7
0
i
3
2
k^
22
3k
20 (15$)
10 (7$)
25 (18JK)
' 21 (16*)!
59 (W)i
30 (22*)
U6 <^*)l
* Number of projects with this probability of success (column) and at this stage of development (.row).
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TABLE V. COSTS AND BENEFITS DUE TO NASA 
APPLICATION ENGINEERING PROJECTS (1971-1976)
Program Cost
Number of Projects
Average Cost per Project
Estimated Benefit per Successful Project
Estimated Probability of Success
Expected Benefit per Project
Estimated Total Benefits
$32,300,000 
135
$ 2^0,000
$ )»,500,000
,22
$ 990,000 
$133,600,000
Benefit-to-Cost Ratio
Economic quantities are in 1976 dollars, discounted at 10 percent to present 
value in 1976.
•— 5000
2000 -
1000 -
200 ^400 600 800
COST PER TRANSACTION ($)
1000 X,Z '
NASA Production Cost (x): y = 8.5* + 300 (Corr. Coefficient = .99) 
User Cost (z): y = 6.7z - 900 (Corr. Coefficient = .97)
Figure I. Correlations Between Net Benefits and Costs 
Per Transaction
Price Per 
Unit
0 XQ Quantity Per 
Unit Time
Figure II. Calculation of Consumers' Surplus
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